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K 3843 

CVFCCCFDJELX HEMHNG A OUBTEHBANEAH OIL SHAXS 'JO 
CXfcMTC PERMEABILITY AND SSlKSFQUWrLV FRCCCCB OIL 

Ih.is invent ion rolartea to xescwpxing oil. frccn a subterranean 
oil shalt* by imaim of a rci*3uctivx> heat drive prongs, rtore 
particularly , the invention relates to treating a relatively thj.ck^ 
and substantially ccurplfirtely inpeTrreable sd3torranc.aft oil ohaie by 
ji*sans of 3. conductive boating plojsgb which tooth creates a 
penntoabla tuna within a selected portion of tte ni I shale ami 
subsequently produoKs shale oil liydrocarbans. 

A p*5rrnjeabili£y-aJ.<bd type erf conductive ]ieat drive for 
prcyJucijuj oil frcsn a sutoterrantaari oil shale invented in Sweeten 
by F.LjWtffrtruem. That process, which was invented about. 40 year 3 
ago, was cotmarcially used on a srall scale in tho 19&Gs. It is 
described in Swedish Patents Noa* 121,737> U3,L36; 123,137j 
I23 r i3«; 125,712 ani 126,674, in United States Patent bto. 
2,732,195, and in journal articles such &si "Underground Shale Oil 
Pyro lysis According to the Ljungstrooro Mathodt", IYA \folurne5 ?d 
(1353) No, 3, pagas 119 to 123, and "Net finsxgy BECovoriea For The 
In Situ Dielectric Uc*ting of Oil Shale", Oil Shale Symposium 
Proceed Ligs 11, paqa 111 to 330 (1978). In the swediah. prooaeti, 
Ivaat injection wells and fluid producing wells were completed 
within a perrreable near^-surfaca oil shale formatinn go that tJxero 
was loss than a threa-n»tre separation betwaan the barehDlen* The- 
heat injection wells ware equipped with el*ctx.\cal or other heating 
olcmMits which ware mrrxnunded by a rase of material , such as sand 
ox cement, arranged to transmit heat into the oil shale while 
orevcnthig any inflowing or outflowing of fluid, in the oil ehale 
for which tiie swyidLsh process was designed ajv3 tested, tho 
perrneabiiLity was such that, due to a enntingovw inflowing of ground 
water, a continuous pumpin^-aut of water was naaded to avoid 
wasting energy by evaporating that water. 

With xeepart to .substantially completely iippanneahle, 
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relatively ckiap and jslativcly thick oil shale deposits, such u» 
thcae i.n wic Pic«ura Ivtii.a in the unimi states, tha poiifriMlity 
u£ utilizing a ocuiduutLvB heating prootiba for producing oil was 
previously considered to be — aocordiriu, to prior toauhintjH and 
beiiefs — evvTncnu.cally unzeasnhle. For vxsarpU*, in tha 
ahewe-icicntified cu Shale SyapoBluni, the Ljun^Bhroem process is 
characterised em a proses* which " , success! ully recovered ShaLo 
oil by witecWing tubular e.lecLrieal heating elnin^ta within 
high-gradte shale deposits. This meiiiod relied on ordinaiy rJienral 
diffusion for shaO.e boating, which, of. COUxee, requires Laifju 
tenperauiro gradients. 'CItus, heating very nun -uniform? mjnthc 
wore required to fully retort- srcall nxxn-*ize blocks oi ahale. 
Also, itudi heat energy was wasted in underrating the shala reoinne 
beyond the periphery of the retort jpg zone and overhearing the 
kIidIr closest to thH heat wuroe. The. latter problem i« especially 
iit^rtant iu the case of ttasuam shalee, ninoe theraiftl «narqy i.ex 
overhuarted zones, cannot be fully recovered by diffusion duo to 
ci^dotbormlc reactions which take place above abojt &0O °C," (pacje 

In substantially inrpRrmeabLe types of relatively thick 
eulrtarranean oil shale famwt-i.CttS, tho creating and nttiittaining of 
a pormcMbla &one ttTn:ougrh which the pyro lysis products can tc flowed 
haft been found to be a .severe problem. In fjfi Patent Kb. 3 f 468, 376, 
it is atatPd (in cola. 1 and 2) that "Thar* are two jncchaniare 
iiwoived in the transport of lieat thorough the oil ahale. Heat is 
transferred through the solid macs of oil shale by conduction, iv,e 
hoat ia aiao trans fi errod by oonvectinn elurough the solid Trass of 
oil BhaJie. 'ite traneier of heat by conduction ig a relatively alow 
process. The average chenual oond activity and average thenoal 
dif fnsivity of oil shale are aJwut thoea of a firebrick. Tha matrix 
of poijd oil shale has tin axtreoBly low parrasbility much lite 
unylated poaraelaj.ru As a roault, the convectivu transfer of ]^at ic 
limited to heating by fluid flowo obtained in open channels which 
traverse the nil shale. Tbeee flow channels may be natural and 
artificially induced fractures . On treating, a layer of 
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pyrolyzfld oil shale builds adj&oaut tha cbaraxl. Has- layer la an 
i inorganic mineral tutrix which contAina varylrn; degroos of carton, 
jrhe layer is an evo^xpanding barrier to l»at flew from the 
heating fluid in the channel. M The patent Is directed to a dtockhb 
for circulating heated oil bhole-pyrolyzing fluid through a flow 
channel while Adding abrasive jxnrticlps 1X3 U*je circulating fluid to 
erode th3 layer of pyroiyzed oil shale being formed odjanent to tlie 
chanrjol. 

Although tha thermal conductivity and thornwl diffusivlty of 
nvmy subterranean oil shales are,- in fact, relatively aiiw..iax to 
those of ungla*ed porcelain and firebrick, UB Patent No 3 , 237,689 
postulates that "a rapid advance of a lioat front" (Col. 3, line 7) 
can be obtaijied by exchanging haat between the ail shale and. a 
nuclear reactor cooling fluid and describes gyctoos far uning such 
reactors either located an the earth' a surface or in the* oil aha In 
deposit. 

IIS Patotit No, 3,2&4 r 291 £*y» (at Col. l f lines 3-21), "Tha 
production o£ oil from oil shale, by heating the shale by various 
msana guch as ... an electrical resistance heater . . . has been 
Atteavted with little auccww, , ♦ . Fracturing or the shalo oil 
prior to the application of heat thereto by in situ cewtoustian or 
other means has been practised with little success because tha 
shale swells upon lieatinq with consequent partial, or complete 
closure of the fracture 11 . Tha patent describes a prcceea of 
sequentially heating {and thus selling) the oil shale, then 
injeotina fluid to hydraulirally fracture the- swoIIpjx shale, then 
repaatiov? those ateoa utTtil a hoat-btahls fracture has bean 
propagated into a prodiJCtioo wall, 

US Patent No. 3,45S,383 describee the accumulation of 
partially depleted oil shale fxagneats within a flew channel such 
as a horizontal fraeturo being held open by tha preasnre of tte 
fluid within the channel. The patent discloses that if the channel 
roof is lifted to maintain a flow path above such a layer of 
depleted shala, the over lying fomtntiona must he bent and, without 
precautions, will bend to an extent causing fractures to extend up 



to tbn surface of the earth, Tte patent id directed to a prooefl* of 
inrtennrttp.ni:.ly rociueing the pressure on the fluid vitMn Such aa 
f uacture to allow tha weight of the owextrjrdGn to crush and compact 
the layer of depleted 3hale. 
5 Tn a significant portion of subotantia-l.Ty impermeable aivi 

relatively thick oil shall* deposits, buch aa those in the Piceance 
Basin, a valuable rescuroa of aluninnmi is present in tha Ion it erf 
dawsonits. In US Patent 2to. 3 f 389,97S, directed to recovoriiiy 
aiuminiura valued frren retorted oil stales whloh have baan mined out 

10 from such deposits, it ie pointed out that, \n a substantial 

absence of water, at t*»ipax-atures of about UQO g P the dawfconirs j.g 
converted to crystalline sodium aj.uwamto. Such a water- free 
retorting can daoompoae doloaiite in the shale to produce carton 
dioxide, calcite, and magnesium ax Ida so that rragncsiu/n oxide 

15 carbines with part of the silicon dioxide in th~ slialc, in a manner 
permitting a higher recovery q£ the aluminium valua* by a loadiirig 
process. US Patent No. 3,502,}7Z, directed to utilizing solution 
mining to rtseerwar daweonite, indieatea that where tha pyrolym;* is 
effected by an aqueous flmrl, &uch m steam or the predicts of 

20 un 39 r<^ round combustion P it timet be conducted at a low terqperatura 
and thus relatively slowly, to avoid converting tJlC dawraiita and 
othav soluble aluminium cxxipounds to an insoluble material such as 
analcite. In US Patent flj- 3,572,838, a similar relatively low 
temperftturs pyralyeje is alternated with injections of an aqueous 

2j, alkaline fluid contairdng an acid-insoluble chelating agent to aid 
in leaching daweanite witliout tfonring such Insoluble materials* 

Tha present invention relates to a process for condoctively 
)\eating a aubrterrraii^an Oil shale formation in a manner arranged for 
producing oil from a katoterranean oil ahala formation wlilcb is, 

y$ initially, substantially irrparroablfi. Jn accordance with this 
invention, tha portion of oil ahala deposit to ba treated is 
aelecttid, on tha basis of tha variations vith depth in the 
ccjrposition an pecpsrtiaa of itc ocOTponente, to have properties 
capable of interacting in a iranncr which enhance* the uniformity of 

35 the heat fronts to on as tent limiting tha time and energy 
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yxpeaditurea producing tha oil to values equivalent to leas than 
the value of tho oil whiCU Is product. ?ho selection Of the 
treatment Interval 1b baaed on tho gr*de and thickne&a ol tho 
portion of oil chala deposit to bq treated and the enhfinccaent it 
provides amounts to reducing th* a«ount of heat energy lost due to 
exothermic aide roactiona and increasing tho amount of oil 
recovered from a given grade of oil shale- 

In accordance with this invention at Isaet two valla are 
completed Into & aubterranean oil abate treatment interval which 
t& substantially impermeable, contains substantially no mobile 
watery is at least about 30 m thick, is capable o£ confining fluid 
at process pcaaeure, at leant substantially within the treatment 
interval, &xid contains a grade and thieJsneoo of oil ehale such 
that the avaraga grade la gallona oZ oil pluo gac equivalent par 
ton by Fischer A&aay is at least about 10 and the product off tho 
grada times* tho thichneoG la raetrorr of tho oil 8hal« la «x least 
about 900. 

Thus, the present invention provides in a process in 
which cil is produced froa a flubtorra«ean oil shale deposit by 
extending ait least ono each og heat-in jecting and fluid-producing 
veUs into tho deposit, establishing q heat-conductive fluid- 
impermeable oairrier betveon. the interior of each heat- injecting 
*elA and th<& adjacent depoolt, and then halting tho interior of 
aach heat-in^ectin^ at a to&paratuxe eu2iieioait to 

conductive iv heat oil ohale karogon and cause pyrolysio products 
to form fractured within the oil chain deposit through vhich the 
pyrolyaij? producto aro displaced into at least on© production 
vail, a.n iaprovomont fox enhancing tho uniformity or. tho heat 
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fronts aoviog through the oil shale deposit, which co<*prisear 

determining variations with depth in the composition and 
properties o? the ah de - 05ifc; 

completing said heat-injecting and t luid-pxoduclng wells 
selectively into a treatciumt interval of oil ahale in which 
the oil shale deposit (a) is at least ibout 30 m thick, (b) 
ia substantial ly impermeable a.nd Urea of mobile water, 
(d) has a composition and thickness sych that the- product of 
the average fischer Assay grade tiaes the thickness of the 
treatment interval ia at least about 900, and jd) thereby 
contains eortponenta capable of interacting in a manner 
enhancing the uniformity of a front of conductively 
transmitted beat, with said wells being arranged 00 that, 
at laaat substantially throughout said treatment interval, 
the well boreholes are substantially parallel and are 
separata* by substantially equal distances of at leaat 
about 6 m; and 

within, the interior of each heat-injecting wall maintaining 
an average temperature which, selectively along said 
treatment interval r is at least about 60G°C, but ia not 
high enough to thermally damage equipment within the well, 
while heat is being transmitted, away from the veil at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the he&t*.d interval within the well. 

In a location in which a subterranean oil shale may 
contain portions which are generally suitable for use as a 
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treatment interval (as described ebowt) but are ape to be 

permoated by substantially disconnector natural fractures and/ or 

Plains at weakness ^^11 iS = ai«S luCdu^d iioar bounuanee Ot the 

oil recovery pattern and /or near a potentially active aquifer, the 
operation ot the present process can advantageously ba combined 
with a us* of 'guard wells" located near the periphery of the oil 
recovery pattern and/or between a production well and an aquifer. 
Such guard wells are extended at least aubatantially throughout 
10 the vertical extent of the treatment Intervals end the adjacent 

formations are initially heated by thermal conduction in a manner 
similar to that employed in tha heat-injecting wells, except that 
the guard wells ara heated at temperature e which are too low to 
gasify significant proportion of the oil shale organic components 
hut are high enough to cause a significant thermal expansion of 
the rocfc matrix of the oil ah&le deposit. 

in some Instances, it ma/ be desirable to maintain such 

a 
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relatively It** temperature guard well tiKijctina, throughout at; least a 
substantial portion of tba shale oil recovery procflsa. In other 
instance, aftar 0i3 initial relatively low teti^eratjure heating of 
tha guarrt wlis, it iray )*t advantageous to lieal guard fcella ut 
about tha temperature oclccted for the heat-injecting walls r in 
order to expand th& pattern of walls from which o.U if displaced by 
thermal coeducation. 

as used heroin regarding the gcade of the portion of oil glvU.e 
to be treated, the "average grade in gallons per ton by Fischer 
Ascay" refers to the following: Viva determination is or la 
equivalent to u dartenninatioa conducted substantially a* described 
in th? Standard Test Method I] 3904-60, Crushed raw ahale ir 

aompled by riffle-splittijig.. Tha determination of tbo amount of ciil 
plus gas equivalent available! • from oil shaJe Is made by heating tho 
raw shale frcin ambient Uefl"peratU2\5 to 5VQ ft C in cant aluatinivro- 
alloy retorts. Tho vapours distilled from tJic sample are cooled and 
tha condensed fraction is collected, The oil and water fractions 
are separated, the vrater voluma {oonvtarbed to weight equivalent) is 
measured and subtracted from tbo oil plus Mater weighty l!he weight 
of. uncoridonsable gases evolved 1 gas-plus- loss) is then oalcvlqbed 
by difference. The grade, as used in the "grade times tMckncss in 
Metres of oil shale" product, is the gallons of oil plus 
l^rocarbon <jus equivalent corresponding to tJie total *RigJit csf nil 
plus hydrocarbon gas evolved by the hRatjjig. 

The viwkllfl are ccrnpleted into the treatnsnt interval and ate 
arranged to provide at least one each of baat- injecting and fluid- 
producing veils having boroholos which, substantially tlxooughout 
the troatmofit interval, are substantially parallol and are 
separated by substantially equal distances of at. least about 6 m. 
In each laeat-irrjecting well, substantially throughout the treatment 
interval, tHo well-surrounding face of the oil ehale foijuvtion it; 
sealed vith a solid iratorial and/ox cement YrtiLch is relatively heat 
onendnstivw and substantially fluid imps cms able?* In earn fluid- 
producirig w»ll, substantially throughout tJio treabrent interval, 
fluid oenrmanicatian ie ftstablisbed botWGOn the well barehale and 
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tiui oil shale formation an J ttve ia arranged for pjxjdueing 
fluid frmri the oil shalo formatiim, the interior of eadh 
hcAt-injectirjqf mil is hoat4Ndt, at leaat subetanHflUy throughout 
tJie trcbtJLWTit interval, at a rate or rates capable of (a J 
5 increasing tM teitperatare within the borehole interinr to at least 
abesut 600 *C aiid fb) maintaining a borehole interior tfinpsrfiture of 
at least about 600 °C wit>jcmt causing it to be com high enough to 
thermally damage equiptneut within the borehole whil^a tlie rate &t 
which heat Lt> generated in the borehole ia &ubatimtia3 Jy equal to 

10 that permitted by the baat conductivity of the oil bhales lormtion. 

In a preferred efltodiftent of the present process* the material 
for aoaling the face of the oil shale formation along the borehole 
of at least one heat-injecting welt ia a closed bcrttra rasing 
q Lotted by ocotunt arranged to till substantially all u£ tha spaxx) 

1 3 bstween each outermost metallic elenwt present within tho interior 
of tha borehole and the adjacent faoa of tha oil shale forrmtion, 
with said conant having a thenral conductivity at loast 
substantially as high as that of the oil shale formation. 
Cetenwinatians are made of variation? with dopth ill tha 

20 ccLTpos-itioci and propartijas of tha oil shale deposit artel, in a 

particularly preferred procedure, based an the variation with depth 
in the heat, conductivity of the oil shale deposit < tha heat- 
infecting ws.Us are lieeted so that relatively higher cenperaturos 
are applied at dapthe adjacent to portions of the oil shale deposit 

25 in which tha heat conductivity is relatively low. In addition , or 

altemahively , in various situations , the effective radius of at 
least one hjcsort-injecting well is increased by creating an expanded 
portion of the well borehole nnd extending beat-ceoducttng metal 
elernent3 Iran within tha heated well Interior to near the wall of 

jo the expanded portion of tho borehole. 

The present process Is valuable for uvq within a treatment 
interval of oil shale which contains other valuable minerals such as 
dawsonite and/or naboolita. In such a situation the present process 
creates a pentcablii tooa which ie selectively located, within tlte 

33 tTeafcnpnt interval and substantially within ths IxTundarics of tho 
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weM pattern used .tar the oil proJhieticffu Tba resultant iy?nnc*ble 
z.mie' a zona from which such otlier minerals can ba anlntlotv- 

In general, tJte pre&ant invention is applicable to 
substantially any subterranean oil ahai* deposit ocntaining .in 
interval of mibntantf ally iitpercnfcable oil shaJn which is 
aubstanM-.tally frco of mobile water, is Mure tiian afamt 30 to thlc*, 
urjd has an adequate: auera<j« grade in gallons per tun (Fincher 
Assay > to give a grsdo-thiekrie»9 product ot about 900 or greater* 
Ths Kvoroug* grade of the heated interval should he greater tixan 
about 10 gallon* par tan (Fisclier Assay). v/ithin thaaa limitations, 
a higher grade- thickness product is increasingly desirable if other 
conditions such as depth remain ths 

71^5 invention will now be explained in greater detail witK 
ireferrervoe to the aooccrpanying drawings , in whichs 

Figure 1 shows a plot of relative rate of return (RRj for 19B2 
US do 1 lard invested in installing and operating the process of the 
present invention, as a function, of oil shale grade-thideneaa 
CGtfTH) prc*duot, to produce shale oil at its 1982 valus. 

Figure 2 illustrates a plot of thsmel profiles at an 
observation well regarding temperatures treasured at. different 
depth* {D) and tinea within that well. 

Figure 3 is a plot of the radial thsrnal profiles at the 
middle of a heated fane after different timea of heating, 

figure 4 is a plot of thermal conductivities parallel and 
perpendicular to ths bedding, planes of an o> 1 ehale a3 a function 
of temperature. 

Figure 5 is a graph of Fischer Assay yield with depth (D) in 
and abovfe a hearted portion of subterranean oil shale. 

Figures 6 and 7 are plots of horizontal and vtartioal 
tenfwrature profiles within a heated portion of subterranean oil 
sJ^ila formation. 

Figure 8 i« a eohesnatic illustration u£ a portion of a X 
caTpletion arrangeirent suitable for practising tha present 
ii went ion- 
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wsZl paL'torti tnr the oil pro-Jsict icrv. Ths result anu ycrwicabia 
zone j.a a ions from which audi otOxir minerals can ba anlnt.ion- 
mined* 

In general, tte preearrt invention is applicable to 
5 substantially any subterranean nil *hal/* deposit containing on 
interval of BUbnrtantiaTly iii^rmtoable oil shale wh.\ch is 
substantially £rco of ipohil.e water < is irt>rc tjxm abnut 30 ta thic*/ 
and has an adequate averaqa grade in gallons per too (PiaRher 
Assay) to give a grada-thiekpjetfs product, of about 900 or greater * 
10 Ths tfvorage grade of the heated ititurval should be greater than 

about 10 gallon* par ten (Fischer Assay) . Within thaaa 1 imitations! , 
a highsr grade- thickness product i» increasingly desirable if other 
conditions sunti as depth remain tbu sssm. 

invention will now be explained in greater detail with 
(5 inference to the aoeompanying drawings * in which: 

Figure 1 shows a plot of relative rate of return (RR3 for 1982 
US dollars invested in installing and operating the proooss of tha 
pro scant invention/ a? a function of oil shale grade- thickness 
(GfcHI) product, to produce shale oil At its L982 value, 
zo Figure 2 illustrates a plot of thsrnal proJUlas at an 

observation well regarding tewparaturies measured at different 
depths (D) and timea vithin that wall. 

Pigure 3 is a plot of the radial thermal profiles at the 
middle a£ a heated none aftor different times of heating. 
23 Figure 4 ia a plot of thermal conductivities parallel and 

p^rpendicuiar to ths tedding planea of an oH shale as a function 
of tcopcrature. 

Figure 5 is a graph of Fischer Aaeay yield with dapth [D] in 
and above a heartfcd portion of subberransan oil shale. 
30 Figures 6 aid 7 are plots of horizontal and vertical 

tenperaturs profiles within a heated portion of SMbterranaan oil 
shale formation. 

Figure 8 is a schcfnatic illufitraticn u£ a paction of a I 
completion arranqpirent suitable for practising tha preearrt 
35 invention* 
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car aajiri, t/iungstroaii teaches that tha in situ boating and 
pyrolyjinc; should Jx; ir. s fjotticm of tj» iniparmeaolo formation 
which is vertically oontiywaua to a well-intuxuunractiiaq fracture 
or * layer vdiich ha a different goolryjic-al character and ia 
5 permeabLe to flow of the fluid pjcodur*.K of the heating or 
pyrolyaia. 

Contrary to the ijrplicatians of such prior -teachings aitf 
beliefs, applicants diocovared that tha presently described 
ctnductive heating process is economically feasible for u&a in a 

Ifl substantially iffpettmable subterranean ail shale* This is not 

obvious, particularly in view of the fact that the present process 
uses a much larger well spacing than that usod in tha Swedish 
pronesa and thfl preesnvt prcceas ia oonanctjod by heating tho 
ui3flf?ti'on wells to teniperatures of at least about 600 B C (although 

15 600 *C tios been said to bo) conducive to an eccnrMidriil 37/ untenable, 
heat-wasting , enrfothennlc reaction r, 993 the Oil Shalt* 9ynpoanupi 
Proceedings mentioned above) . 

By means of laboratory and field teat tnaasaran&nts and 
mathanatd.cal noclela of the present prooaao, applicants have found 

20 tJiat whan tha walla are spaced, completed, acid operated as 
presently dtescribsd, thB only legion in which heat energy ia 
utilized in an cndoUiarmic reaction amounts to lee? than about I? 
of tha ansa to ha heated, and tha energy lost in that fashion is 
insignificant- Applicants have measured the rate at which 

23 substantially luparmaabla oil shale formtiana are heated by 

conductivity, and have ddtertidned tha amount of boat required for 
pyxoiysiug karogen and therrnally pressurising the pyrolysis 
products to pressures capable of fracturing a relatively deep oil 
shs:i« fcomtlon acid thermally displacing pyrolyoio prodncta through 

30 tha so->=reated pennaability, 

Tha data nbtrvi n e fl by such naaatireEEsnts in the field and in tha 
laboratory huvo been escployed in oaloulationo of power roquiro- 
manta, eoanoKdjcs, tira to start productlm / project d\acafcLcn# 
amount of production, etc., in mathematical siMulationo that 

35 correlate wil'h the field and laboratory data and i^dicata the 
tnacjnitxtdes of such factors in respect to a full scale 
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T)xw calculations* indicate th.it th» rtO-SCrrtly d-sfirserl procsos is 
tha oniy shale oil. production process of wht.ch ctyylicanr.f) arc cwcira 
which i3 capable of economically obtaining oil frcm a relatively 
low grade oil bhate formation, such as aw in which tha Fischer 
Assay 13 only 15 gallon* or leee per ton. This capability can 
Increase tha petroleum reserves of a significant pxopcrtico of tha 
oil stele lands by a lactor of six. In addition, with respect to 
processes for uactergroiuid mining and titxlified in &itu retorting ol 
oil -shaJe, the present process significantly hYzrcaecz tha amount 
of available resources by eliminating the natt* tor support pillar* 
and iutoxburden between nrijung zones and by providing a means for 
treating substantially all of a very thick interval of ail shale. 

The present process can advantageously be *pp"l ied to an nil 
Bhalxs formation in Which there is significant onrcswrtraticn o£ a 
mineral such ae 3aw>anifca or nahoolite. In such a Carnation the 
procttfls provides a parneabla zone from which such a mineral can be 
recovered, in addition, the present process is particularly 
advantageous in converting dawsonite to water-soluble oawpouxtda of 
alumniuca (probably rho-alunima) which have been (both clinically 
and pnygicalLy) made available for solution-mining to produce the 
altsidjiiimi — an essential tutorial which is in short supply vitiiin 
the United States. In contrast to many previously proposed 
processes, the piroceos of the present inv^ention requires sub- 
stantially ix3 <*a*er, involves minimal lard disruption, and can ba 
conducted with minimal atmospheric pollution. 

Figure 1 show* the relative rate of return for US dallara 
invested in installing and operating the present process in field 
appli nations that have boon matharaatioally nodelled f ran <3nta 
obtains»3 by field and laboratory maajw^ients. 

A ODrxeff or injection and production wells is drilled into an 
oil shale focaution 4B ca in thickness with 120 m of overburden. The 
average, oil gratia of the interval is- 20 gallons per ton as deter- 
mined by Fischer As ray* 

Tto well pattern i«v a s oven-spot with each heat injector at 
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tha comer of a regular hox&pn surrounding a central producing 
wall. The spacing is 22.5 ia between producers rod 5j>}cctora. The 
pattern rspsart- *f.ifch prcA^cra dhiuriwy tha inj-m-tnts ia e<a^b 
direction cind continues CO "fono a field-widdj pattern capable of 
5 proc^iicing a largo quantity of oil. The injector- to^-rxlucRr ratio 
approaches 2 to 1 in a large fiaJd. Tn Fbanpia 1 tha total nil 
piodfcctissn is 25,000 barrels per day thiojgtoJt the liiu of tha 
project. 

fpj& injection weUs el.ee brical haatera are cantamted into tfu& 
JO formation acid oornectod to % power souroo on tha aarfaco. The 
production walls arc oqnip^ed with Rtandard oil field punpa for 
11 f tint/ the produced oil to tha surface., TVwi electrical injection 
rata it 3.23 x 10 6 WTU/weU per day. The bentjararture ni the 
i n joctore attains 750 'Ifte production wells roach a terminal 
15 tenparature of 30 D *c after 33-34 yearn of operatic©. Production 
over thia period averages 5-6 barralsVcky par well, with the 
average nuirtoar of active producing wells k»ing fro* about 40(10 to 
5000. float consunption is 1.1 x 10 & UJO /barrel of liquid oil 
proSuctinn* 

20 G*b«ub products collected fro» the production veils my be 

utttd for mi-eite generation of electricity or other purposes* Tha 
oil-phaao petrolcara which is ao produced is superior to con- 
ventionally retorted ftJiala oil. Tha relative rate of return which 
oan be expected txcm the Ufcanple X situation is illustrated by the 

?.S "EX. 1" situation daHignaticn on Pignre 1. 
KXrtKFLB 2 

A carina of injection and production wells are drilled into an 
oi.1 shale formation 225 m in thickneaa with 300 n of cwxtourd&n* 
The average grade of tha oil shale interval is 26 gallons per tea 

y> as determined by Fischer assay. 

Th?» veil pattern is the earns soven-spot dascribed in Example l 
exotpt tine spacing is 13.5 jo betsssen walls instead of 22.5 n. Total 
production ia 23,000 barrels/day trauqhout the lifie of the project. 
The injector to pro&icar ratio still approaches 2 to 1 ♦ tn tha 

J5 wells t the heaters and production equipenant are ninuUar to thosa 
described in JScanpie L 
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The ft.lc<;triOtil injection rate is 10.35 x 10 ft BTO/well par d*y» 
TVia ifi-joctiix well taiporatuiKH reach 7 SO 9 C and the priflduntirjn 
wells reach a fimi tenperature of "C after a production life 
of 9-TO yoara. Production ovpr this parkxi averages 42-43 
5 barrel ?/<Viy per vwll, with the average nuifcur of active protein? 
wells* being about 6 DO* THr heat censunption is 3,6 v 10 TTT\i/barrel 
of licjuad oil produced* 

As in .Example I, gaseous products can be used for ccWiitu 
power generation or other purposes aitf the liquid product w.iJJ )>c 
io higher in quality than conventionally xetortod shala oil. The 

relative rata of return which u»n ha expected is illustrated by the 
"Ex, 2" situation designation on Figure 1* 

Table 1 lists cv-nfoinatioris of oil f shale graiap, thicknesses 
and grade-chicknocs oroducts vfriich are generally suitable for 
•5 in the present; process. Ttu& relative ponitioni! of such grad» 

thickness lA-aducte with respect to tha relative rates of I inancial 
retuxzi are illustrated by the designations, "proferrad Range" (P. R ,J 
and "Especially Preforrod Range* 1 (B.P.R.J on Figuro I. 



TftHLS 1 

Orade {gallons/tan) T^ iicJcnesfl <m> Grade x Thickness 
30 30 900 
20 45 900 
10 90 900 



More desirable grade thickness examples are shown as follows: 



Grades f gallons/ ton) It'll tCtatOW (m) Grade x Thickness 

30 150 4500 

?-5 60 1500 

20 300 6000 

15 fiOO 9000 

JD 225 2250 



20 



In general, the higher the grade thickness product tha more 
du»iruble. The practical application is limited only by the ability 
to haat the dseired interval. 
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Field TY*st Moasurfetuflnt o 

Test© conducted in an cu cropping ox *n oi). shale 
foxnatioci which is typical of auhflt^y; tally 1 T ^^^-- 
relatively thick oi], shaLo d&pocita. Thirteen borohoiea were 
drilled to cteptha between 6 and 12 tn and wwhr arranqod to provide b 
pattern of beat,- inject inn, observation and. fiuid-proc^uction \tella, 
with the boreholes buiny spaced About 0*6 rn apart in order to 
provide a relatively n^ld aoguisitAon of d&ta. Haat wan injected 
at a rata of about 1000 watts per n^tre for five daya. After the 
heat-in jcctiori wall temperature bod reached 450 *C, a txaqpfcrufcure, 
f all-orX test was run far are day. 

Figure 2 shows the vertical themal profiloa in an observation 
well, as a luncfeixsn of time. The data waa fitted to a inathscnafcicaL 
solution describing the tanp^rature distribution around a 
finite-length llna source inside' a jnadium o£ thaxnal oaadacttvity 
(parallel to boddittfj) 3.25 nnal/cnj-sec-*C ai>d thamal oarjduotivity 
(peocpandlaular) 3,25 moal/aft-sac-*C # Ibe specific heat capacity 
utilized in the calculations wao computed f ran the therxral 
conductivity, tha tm nl diffasivity, and aveiaga bulk density of 
oonea recovered during drilling of tlie wolla. The therricphygical 
prop^rtiea foe the tha oil bhala in which tho testa were conducted 
are sununrlsed in TaJbla 2. 



Figure 3 ahnws radial profiles earputed far the lalddle of the 
Iv&atcd zone for various beating tixnao (t) * At the end of a 
tenperatuxD tuild-up teat of 140.5 hours, tha average fonratian 
texiperatwto butveen tte heater and observation wall woa 120 °C, 



TASLB 2 



initial Reservoir Temperature 
Fischer Assays 
Dulk Density j 
Thermal Diffueivityi 
Specific tlcat capacity: 



20 gallon/ton 
3 

2»2D goi/cm 

-1 2 
6.6 x 10 an /aec 

0*224 oal/gm °C 



9.8 "C 



1288043 



- 15 - 

Pierre 4 shews a comparison oi laboratory values anid field 

L^atA rviatiw f> t h B Carnal COTid' JCt 1 v i piiTillSii tn vTVi 
perpendicular to the bedding pianes of the oil a>mlcj formation, as 
a function of teiqperature. The laboratory conductivity iicasureatflnte 
5 were iiBde an adjacent srenpleb of cores f ran tte observation veil , 
u^ing fucmB core* cut parallel to and hosis cut parperidicular to tlic 
bedding plana*, A n.i trogor^trrapJiere vae used to elindnate 
Cttidation reaction* The sanples were conctrairjed An the vertical 
direction but ware free to expand radially < After the samples were 

10 heated to BOO *C f tha radial expansion avsragsd \.45%. As shown in 
the figures, the Laboratory values are in excellent agreement, wilin 
t2\a values oenpated frora the field data* Ibo test* indicate that 
the therrol conductivity ia iwsr in the direction pcrparn3icular to 
the bedding plana, because kerogen layers have a lower conductivity 

is than the dolomite matrix At tenperatures below lQd "C, the tharvma5 
conductivity ia essentially ieotinpic, as observed la the fic?ld 
tests. But, that aaductivity baconmo increasingly anisotropic, aa 
the kerogen is renewed {at te/rparatureo bstwssn 300 and 400 *c) and 
qan begins to occupy the spaces bab#oan the layer h, .Above 700 *C, 

20 both the parallel and perpendicular ooaAictivity decrease aharply 
due to the d&xctpositixm of the dolomite and evolution of CO^. 

When a sijbtcrraiuMtfi oil shale, formation ia hfiarted the Oil 
ahalR expands as the temperature increase®- When the oil shale 
tenyurature reaches a kerogen pyrolyzing tenparature {far ajtairplo, 

2s frcm about 275-325 *C) additional expansion forces axe generated* 
"The kercgen is oanvertocl to fluids capable of occupying a larger 
volume than the kerogan, and such fluids beccci© increasingly 
pxe agnized when the tenperaturc 19 incrta&od. As more fluid ie 
farnied and cnora fluid ia heated, hydraulically winced fractures 

jjo form within tho oil shalo fcnrartioft. 

Fractures which are hydraulically induced within subterranean 
earth format i on b fcrra along planes perpeitfUcuIar to t]*o loaefc of 
the threa principal cror^neneive stresses (i-e>, one vertical and 
two juituiilly perpendicular horizontal conpreeeive stresses) which 

Vi CJtiut vithiu any subterranean earth fonrertion. However , wharre the 
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hydrauUc fracture* tend to b& vortical, eiori7ontal fractures can 
ba fom«<l by lr» jfccting heatpd fluido GO that tha walLs of tl*s 
vertical fractures arc ) mated until they swell shut. Taen f by 
Liicrx>&&i7ig the fluid injecticn iirt*«aurB to greaLer than iwarbuxdsai 
pressure, a horiTic<ntat fracture can bo formed, Such processes for 
fchentally inducing thn fontwtion of horizontal fractures by 
injectuig externally heatad 3rd pressurized fluids are described in 
patents such as the aba^e-mjiDtiar/^ uS patent No, 2,284,261;, US 
Patent tfo* 2,<J55,. m by c.S. Matthawo, ?♦ Varmenro and C.w. \tolek, 
and US Patent No. 3,61.3,785 by P.J. Clotttann. 

Applicants have now dianovered that when substantially 
ijtpanrtBab.1 e subDsrrarican oil stolen having the presently specified 
ccafoinatioti of grade and thickness ware cnoduntiyely hc&t^O 
presently specified,, a rans of panrasahility waa jjevelcped between 
wellfl within the oil shale. Although tlie present invention is not 
premisHid on any particular mechanise, in the course of such a 
treatment the heated oil shala behavai as though It was subjected 
to the abova-deBGcibsd type of proceae for thanrally inducing the 
formation of horizontal fractures. Such a bahavioar wan not 
predictable, since tha pr«nftofc process is operated without any 
injection of any fluid. It appears that when the present proocse ia 
operated wit)dji an iirpRrmp&ble oil Shale, the in situ generation 
and di.^plaoerncnt of heated aid highly pressurized fluids occurs at 
the timeR and to the extents needed to successively extend and 
horizontally fracture through successive portiaoo of the oil shale, 
whsn ttose portione bacrana condt>ctively licatod. Tha zona baing 
heated appears to undergo a relatively uniform, horizontal, radial 
expansion through tha oil shale, at ti^ja rata set by the thermal 
conductivity of tha oil shale. In each auocesoivQ location in v<hich 
a Xerogen pyroly2irxj turcpsnratui-e is reached , fluids appear to be 
farm&d, heated ajid pressurized so ttat substantially any vertical 
fractures which area fonrod within tha haated zona are subsequently 
converted to haricontal fractures. 

Applicants' taoto indicated that substantially all of tha 
fluid pyrolycis products of the oil shale bended to regain in ox 
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r^r d\c lix^tiona in which they were fontied until Viicy were 
digplacori. thmunh ^i^tastiiilly harS septal froij Lures* , i.uto wils 
adjoining tbo l/aat-injeciing wcll». In nddicion, the fracture- 
iniucing pressure of fluids an tha ]\ori2cntal fractures appeara to 
5 tow* bHian j reduced as tinea fluids expanded *nd were cooled as ttey 
ncved away from tlift hottest partiniij) of. the baatftd aane. 

the* presant process seeus to indnoe t)ufr roving orf a zone 
of kero9ecrjyrQiy2ii>g temperatures through the oil shala 
ijnradiately behind a zone of Jjocalized fracturing in which tho 

10 fractuxfed art;, or soon becono, horizontal fractures, Hie heating 
and fracturing acnea sees) to undargn a substantially uniform, 
horisontal, radial expansion through tha oil shale , until the rone 
of fracturing reaches a location (such as tha borate i© of a 
production wall) frtra viiich tha oil sl^ab eyrolysiB products ato 

15 withdrawn. 

In addition, applicants have discovered that, at least wham 
the overburden pcassura is email, tha 2 one- of penneability that is 
croated between adjacent wall© retaijis a significantly high degree 
of pcnte&bility after the formation^ have 000 lad. Thus it appears 

20 that, oven if the overburden pressure is high, an application, of 
tha present process is capable of forming a waLWntercoraieccixig 
zero ix» which tha permeability remains high or can ba readily 
restored by an injection of fluid after soma or all of tha heat has 
dissipated* And, the dagnasa and location of that permeability can 

25 be controlled by controlling the rata of removing fluid from the 
producijng walla. 

The data obtained by mataaitex&ntz in field tests of the type 
deHcxibed above waro inclusive of: the thermal conductivity of tha 
oil eticiLe f armation, the amount of oil recoverable by Fischer 

30 aiialyrsifi at various depths within heated intervals of tha oil shale 
before and after nauting, the neasurssnant of tbs amount of 
pymlysia products recovered, and the lika. While no conramicatioo 
oxisted between heat injectors and produoero at taut start-up, 
injecticxaa at tho end of the test denenstxated ttot permeable 

35 channel j had formed* THr results of standard engineer in? 
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calculations were ii^Jicut..i.v« off the applicability off a cmcepfc of 
the typa r>-?crl>x.'d abovti tr: the r5.1uU.-i autairiSu by th« teafcsj, 

Pigin*e 5 is a <jraph of Fificfrer Afrsay yields, truii the targwr. 
zatiQ in the field nest, ac a function of dftpth n. f lte hcatisd 
5 imervAl extonded from 4.2 to 6 w. liiu HDlicJ curve shows the yields 
hwfore the heating trwatnttnt and the. dashed curve show* the yields 
after Terortinn; was ocxi^iatesd. < me yields bafora and after were 
obsantially the sanw outside the heated interval, the incasur<nii2nts 
were made on cores frem the centre of tha pattern bo fore heating 
i u and on cores about 1a on away atter heating* Tha variations which 
are apparent in those yields are within the normal limita of 
accuracy for tha nraajiuring of. such vaiues* 

Mthia tha heated interval tho Fischer Assay yieJd drops frcw 
an average of 20 g&llccm/tnn* before the t£»st to less than 2 
IS gallons/ton afcer heating. Hxa retorting efficiency within tha 
process acne wan thus tetter than 9a & of FSacher Assay* 

The pattern and extent of tho recovery cenfirnw the fact that 
little oil was Lost over the producing liorizoa through vertical 
fractures. In addition, tha uniformity tn rotorting eiiiciency 
20 through tha heated zone, indicates that thenral fronts were 
appraximtely uniform over most of tha heated interval* 

The uniformity of tha tharmal fronts is even more apparent, in 
Figures 6 and 7. 'Ihey show h^rirontal and vertical temperature 
profiles oalouiatad for a wt of vertical heaters in a five-spot 
2 r j square pattoen. ttia sat uaad in tJie calculations included four heat 
injectors and one centre producer (not shewn, hut centered between 
the boaters shown on tha figures) . Each heator was assumed to be 
?A m long and heated at the rata* at H14 W/nu 

'ifte profiles In 7igur« r> (graph? of ten^oratur© variations 
30 with distances frcro the heaters) ware calculated along a horizontal 
sugiruot 1^1^ which ax tends through the raid-points of haatera at 
nppesite. comars of the ncniare* Figure 7 is a i*r graph of 
profiles alca*/ a vertical segment on the axis of symmetry erf 
the pattern. 

15 Such calculation 3 indicate that by tha tin© retorting 
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temperature* (275-32.5 °C) art: reachad at tha centre of the pattern, 
iioro than 87% of itn vn.lwne has boon ouiivurbud whila only about 14^ 
of the coenvorted volirfea wan heated to more than 325 *C, Porthennare^ 
the calculations ir^icute that, if the pewcx ia turned t>f f or 
xedu:»d before ths ocntrv t«actaaa a target teirpcratiuje aucfa as 
3^5 T, the Jevol.Ung Off Of the thermal fronts will still hailt tti© 
centre o£ the pattern to retorting tsnp&rfctureu arvd will also 
reduce the tastparafcure rise at the boutiira* Ifaia modes of operation 
can. ensure that less than lo& of tho heated volume is hanrte£ to 
mora than 325 *C t and thus can increaKa tha therrrnal efficiraicy of 
tte proceea. 

Tn view of tho above teHt moults and tho calculation* ha*ed 
nn thnae results, it appears thsrt, <x mU.a to the prior teactiings 
and baliofa, tha initial iir^rfltflnhi lity of an oil shale deposit cun 
ba utilized aa an advantage* The initial is^Bnnaahility confines 
the fluids and fracture© within the wsll pattern, aincs oo 
pacrreabUity exiftts until tha sono between the heat-injecting and 
f luid-prtaduciiig ^l.ls becane pantfifflbad by a pattern of heat-inducod 
horizontal fracture** 

In tho pLressrst process, the rate at Which htiart ia transmitted 
into the oil shale deposit is atrongly affected tlio tatporartur© 
gradient between a beat-in j ccting well and the surrounding earth 
fomutiocK In a preferred procedure, tha deterjtdxiationB of 
variations with dupth in tha oraqpoeition and properties of tha oil 
flhala depofiit ajiclucfe a domination of the pattern of heat 
conductivity with depth within the earth fcomationa adjacent to tha 
heat-injecting vail. Eased on such datextninatioas ths t^aperetures 
to which at least one heat-inj ecting well is lieated are arranged to 
ba relatively high at the depths at which tha heat conductivities 
of tha adjacent earth formations arc rolativaly low* Thin tends to 
oau&e tho rate at which heat is transmitted through tha earth 
formations to be saAstantially unifoxra along the axis of tha 
heat-infecting well. Known prooatoao can be utilized in ordsx to 
provirte higher temperatures In portions of heat injecting wells 
adj/uxjnt to aarth forrotions of relatively low heart cond uctivity. 
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For example, in welle vhich arc being halted by electrical 
resiBtanc«g r additional resistant elements can be portioned at 
th© location At which extra heating Is required, preferably with 
precautions being taken to avoid the creation of "run-away hot- 
spots" duo to increasing temperature further Increasing the 
resistance and thus further increasing the heating, for example ♦ 
as described In tho commonly assigned* Canadian patent application 
Serial No. 493,834 filed November 21 r 1985, by P. VanMeurs and 

10 C.F. Van Rgmond, In wells being heated by combustion* more, or 
larger, or more heavily fired, burner elements can bo positioned 
in auch locations. 

Suitable determinations of compositions and properties 
of the minerals and/ or organic components of an oil shale deposit 
and tho variations with dapth in such propartios can be made by 
means o£ known veil logging, reaorvolr sampling, and tho like 
analytical procedures, the determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc, for example, the variations with depth in the heat 

70 conductivity of tbe adjacent fioraatlons can be determined by 

calculations b&s&d on the kinds and awounto of materials present r 

and/ or by thermal conductivity looking measurements, etc. US 

» 

Patent Bo, 3,S07 r Z27 describon a logging tool containing a 
constant output heat source and throo temperature sensors for 
obtaining a log of relative thermal conductivity with depth, US 
Patent 1TO. 3,B92,128 describes lodging cased or open borehole? for 
temperature, spaoitie heat and theraal conductivity, employing a 
constant output heat source and three tanpnrature son&ors. as 
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Patent Ho. 4,864,969 describes a logger for making station 
meaeu remenfco of thermal cor.S'Jctivity by tssatin? » iarjiiatiuH £vr » 
time theo measuring the rate at which the temperature decays back, 
to tho ambient tGft^rature . (JB Patent No. 3/961*167 describes 
logging thereal conductivity of a cased vail by measuring the 
taraporaturo of the casing trail before and after passing a ho a tad 
probe along tho wall. 

Ao indicated above , even with respe-ct to a five-spot 
pattern in vhich a aingla fluid- producing well Is jjurroondod by 
four beat-injecting walls, substantially all of tbe intervening 
oil 
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shale cai^i b: both retorted and iiodw oennaabla. However, una present 
Ljwention is preferably coploycd in a smius or ctntignrm seven- 
or thlrtecn-spot patterns — in either ol which pattens 
(particularly in the thiioeeiv-ppot pattern) the storting rata itt 
significantly increased by having each f Juid-pIOTfUCing WC-H 
surrounded by Six Or twelve heat- injecting 

r lhs wells used in the prG&avt fc^rooefcfc can be awpl«tei by 
substantially any method for c^vn 3 1 \vq a borehole into and/or 
opening *> pra-ex:iflti.ng borehole into fluid oorammication with the 
subterranean oil shaltf Ionization to be u&ed as an oil shale 
treatment interval • rn addition i-jo having the specified absencv of 
significant amounte of irnbila water, fchJcfeness, and grade- of oil 
Khale, the interval bo which the piresent process is applied should 
be capable of confining fluid at least &ubetnnti»lly within tho 
treatment- intervals at least in r^spoct to allowing no significant 
leakage into ewer lying Venations when the profisura of tho fluid 
reachs* process pressure f and fractures Use forratian within the 
treatment interval. The boreholes of walla cotpleted tor use in the 
prc&DUt pcocoss should be substantially parallel and separated by 
subntautial ly equal distances of at least about 6 m. Dctreliole 
esparatixjn difitanoab between injectors and producers of fmu about 
9 to 30 m are particularly suitable-. Boraholaa free of deviatiusta 
from parallel, which cause variations of more than about 20 per cent 
of tho wall distances axe particularly suitable. 

m the heat-injecting wells used in the present process, the 
c orient or Ob*nant-lito notorial which is U£&d to along ti&i face 
of the oil shale forrrau.cn is preferably relatively heat.-ccadnctive 
and substantially fluid- impermeable. Particularly preferred cements 
Tita stabiH at ta^peratures of at ltaaat about 300 °C # hav« a 
relatively high thermal conductivities* relatively low pemtfifitoillty, 
little* or no shrinkage, an adequate ease of pwipatoility and good 
c+CTiica3 resistance/ etc. Tha peOTieabllity and disposition of the 
sealing material should preview a eeai capable of preventing any 
significant amount of fluid flow bertMnen the interior of the 
boret^olc* and tha face of tha oil shale farnotian, so that tiro 
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ruransfer of heat; from tJ\C Wull to the forrwiticn is siibfltflntial ly 
entirely by ncvtfueticn. (4hC£C portions of thtt iiKat-irvjaetinq wall 
bo rcbo la are affecHveJy increased in diasnotcr near upper and lower 
cxtranititfs of tliu treatment interval, for example, )>y undcr- 
S reining i the diaawters ot 1 the incrwaaed portions are preferably At 
least about 110% of Lhe nominal fcorehrvlii diameter. Calcium 
AiirninatP-bonrted concretes and/or cemaota containing aluraina- 
Silicate aggregates (or fine parti ales) are particularly uiitablo 
for use as such formation face- sealing nsrtJerials. Ifcon^lea of 

10 suitable cecrents and oancxetfes indue* those deBcribed in IB 
stents such as 3,37<*,252; 3,507,332 and 3,593,(542* 

Piquxe 8 flbews a portion of a teat-injoctijtg wall boj^fchede, 
toreholo 1 f which ia suitably for use in the present invention and 
is located within a troatmss , st interval of subterranean all shale 

IS deposit. ftoreholc 1 ocntaino wilorgwd purticne, tuch oa particna 2 
and 3, which c^n be fonrod by conditional procedures such as 
undatv&ua±K} during drilling, etc. h casing 4 is shown positioned 
within -die borehole* and oenantad into place with a fluid- 
inpermeablo, Irat-ccoductive n\arberial, euch aft Dsrsntu 

20 Within each enlarged borehole portion, the casing 4 ia 

equipped with at leaat one h5»t-*ccnidttctive metal elfemot, such as 
collar 6, containing radially eKtaanaiva alentanta or portions, such 
as flexible in&tal mentoers 7. such hcat-oanductivo imtcriaia form 
odAtively highly conductive pathe fnr conducting heat frcro within 

25 the- interior of a bore hole to substantially the wall of an enlarged 
portion of the borehole, Exarcples of suitable* )x£At-oonduetive metal 
alemants includa ntstal wall acratchers, turbttl£d\ne inducers p 
central Uers and the like such as a Haromar-Lak rarhnhnncter, or 
BoltLak TUrbohondar, available froca Baker line division of Balosr Oil 

JO "Tools ox a 101 Bar S ocntralizur available f ran Antelopes Oil Tool 
ani Manufacturing GaxpGany, etc. 

with an arangBrant of the type shown in Figure 8, at ' least to 
aojue *j&cta±nt, tJte front of teat transmitted away frnm a heat- 
injecting well con bs mado rara uniform along a vertical lino 

J5 traversing a layer of relatively low heat conductivity without tha 
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necessity of Tnainbatning a higher tenparoture in the portions of the 
well adjacent to that Layer- Wlvsn a uniform tts^iitsiturs .-is 
mini-^lrifffi within tto interior of tte borehole, tha eHrth formation 
face alonrj *uoh an anlargod portion of tlie borehole bcoottas isaatad 
to substantially tlic sauc besipttratTrre ao tha fovn»C4oa face alcsvj 
narrower portions of the barfchola, Sim» tVw face of che formation 
adjo-ining the borehole is haatod to the hi.ghafrt terxperature of any 
portion in tha f conation, tha t<wpc*at*jre gradient ax tending 
radially away frcra tha enlarged portion o£ the boro-hola is shifted 
radially away from tha borehuJe* 

Xr\ general, tha heating of tha interior of tha heat- injecting 
well can ha aoeo&plished by substantially any type of naatirsg 
device, such as catbuoticn «nd/or electrical type of bcatiny 
oLemerits, or tha lika. Tn& heating elecnant should extend 
fluhfltantially tlxcougluxit th& tre ali i unt interval (preferably 
t>irouyhout at laaat about t*0 per cent of ttot interval) * Wiaxo a 
caiibustion typa luting element is uead, a gas- fired heater ia 
preferred. Tha fba-1 and oxidants to a cenfewtian haater (such as 
rnathanfl and oxygen) arc preferably supplied trough separate 
conduits leading through a heat exctaairpar in which tha inrrHmng 
fluids are he&tsd by tha outficwing ocsnbusticn products, TSio burner 
)ic<j3ing and fluid conduits of a □orcbuHtinn heater, ax^e preferably 
installed v/ithin a wall conduit t&lch is surrounded by an annular 
apace that ia filled by the cement for sealing the face of tha oil 
chalo. Generally suitable typos of cotbustion heater? which could 
be arranged for use in tltt present proas sa are described in US 
Patents such oo 2,670 ,BQ2> 2,780,450 and 2,908,270. 

An electrical resistance fcofttwr is particularly suitable for 
heating tha interior of a haat-injecting well in tha present 
process. A plurality of resist anra clansnts are preferably usnd. 
Tha resistance alsreantfl ctn be mounted within or external to an 
internal conduit or rod, or sinply extorted into the borehole, virion 
the roaiatancoo are HXtamal to, or axe frea of a supporting 
el arrant r such as a cundu.it or rod, they axo preferably embedded in 
che ccrtcnt which coals tlte faca of tha oil ehala- along tha 
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iii-ctitnaat interval* Generally suitable types of electrical heatere 
which ecu Id ba zzrzzxpsd fnr us* 5n pLcacut yruciait; are 
deBen'.bcd in US FattJitS such au 2,*72,445f 2,4B4 f 06.1j 2,670,802? 
2,732,195 auvi 2,954,826. 
.5 In various reBervoi.r situations, porticos of m <iii Hhale 

deposit which would, in general* he suitable- for ub«r an a tzeotinant 
interval, ti» c&aaribud in our pai^nnt applj catiOD, may ha p&rawtitBd 
by natural fractures* and/or jjlar«H of weakness. Ouch relatively 
weak mc>s may urjtfergo relatively long extensions of vertical 

10 fractures when pressurized fluids facing displaced anjay frtxo an 

injection wall oove into thra. This may result in extending fluid 
pflS5W9^ew«yg Jxsyond tJu> openings into production welle antVor into 
adjacent aquifers capable of causing an inflow of water to an 
extant aetruvental to the oil recovery process. 

j 5 we. haws iaj* dinuc:v«ced that such prenature fracture extensions 

caj> b9 avoided by drilling and hsartijy? "guard walla* 1 vithin such 
relatively weak oil slialo zones in locations autrouDiintf a pattens 
of Iteat injecting aM fluid producing rails and/or in locations 
iiyfccrntittent batwsan a heat injecting or fluid pro&idng wdl at id 

20 an adjacent aquifer. Such guard walls axo us©3 for oaiductively 
heating die adjoining foxmatiot* substantially suxghout tha oil 
Stales interval bo be treated to a borperature which is too lov to 
gasify significant proportions of tha oil shale organic components 
but is- high enough to causa a significant thannal expansion of tha 

2 r > rockB* Mian thw* rocks are Jieated the natural fractures ore keijt 
closed and tha fracturing caused by the approaching pressurized 
fluids (displaced away from )wt-in}ecting walls) tends to 
lirttitcd to horizontal fractures concentrated elor.g tha sides nearest 
ta tha haat-inieefcutg veils. Where fluid prcduclix? veils are 

30 located substantially between, tha heat- inflecting wella and th9 

guard wells, tire fractures arc preferentially exbsadod into tfacso 
wells, where the high fluid pressures axo quickly reduced by tha 
pxxttJuctian of tha inflowing fluid, 

Tha enoountaring of such relatively weak reservoir roefcs is 

35 apt to be indicated by on inflow of water into la drfJ Jad into 
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such rocks, m <jsi»ral f tha natural fracture** crrest-incr o relative 
weafcness aM/or water inflow can his tVwtrn»21y o1og«j<I by i 
relatively mild h9axir»g, a» Lcng tho fracture porosity in tvot 
voce, than oi-ojt 5 par cwrt* 
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K_ 8843 

C ft A I M S 

1 . In a proo&es In udtlcfa oil is produced frnu a subterranean oil 
ojialo deposit by extending tit luaat ana each of haat-injectiJig and 
f lui d r-p re ducina into the deposit, fcfit^sblishirg a hsart- 

conductive flid^ixiperneable barrier between the interior of each 
heat-in}CCting wall and tha adjacent deposit, and then hwt.'irjg cto 
interior of each heat-injocting wall at a taHparatoro sufficient to 
ooriductively beat oil shale fcerogcas and cause pyrolysis product* to 
farm fractures within th<& oil, shale deposit through which tbo 
pymlyaia products aro difc&Joosd into irt least cna production wall, 
an improveensnt for enhancing- the uniforndty of the liaat fronts 
moving through the oil shale deposit, which acrnorisoai 

determining vajriaticma urtt-Ji deptfi in ths composition and 
properties of tha oil shalo depooit; 
ooopleting said haat-in jectlng and f luid-puxdutzing walls, 
elective Ly into a troatmont interval of oil shalo in which 
ths oil shale deposit (a) is at least about 30 thick, ib) is 
substantially ijnparntsabla and frea of roobiXe ^aber , (c> Has a 
ocoyoaition and thickivsafi aufch that the product of the averago 
Fiachar Assay grade tines tlie thickness of the treatment 
interval i& at least ab^ot 900 » and (d) thereby contains 
conpcnient.a capable of Interacting in & manner enhancing tha 
uniformity of a front of conductivoly transmitted haat, with 
said v^lla being arranged so that, at least substantially 
chrcoghsut eaid treatment interval, t3ie well boreholes are 
substantially t>!irallul and aro aapartttad by sttoatsntiolly 
equaX digtanosa of at least about 6 ra; and 
within the interior of R^ch heat-injecting wll jraintaining an 
avfcntfjto tenparatura which, selectively along Raid treatment 
intarval, is at least about GOO *C, hot is not high enough to 
thermally dairaga oquiixrcarit within the well, whlla heat ia 
being transmitted awry from ths well at a rate not signi- 



ticantly fas tor than that pemdttad by the thanral nan- 
ductivitijes of the earth ijoitiititiurtfc odj<tu«nt to the haatcd 
interval within tha well. 

2. Tte process of claim ] in whinh, to the extent, required. 1;o 
5 kt&op tJte? rata iit w)rich teat is tranfsatted tbrcogh the Oil stale 

deposit BUbBtantially ucttiomi along tbw oxas of tha heotfid interval 
of the heafr-injecting wall, the teaperxturia at which at 
leavt on© he«t-injecting well is heated is relatively higher at 
depth* adjacent to portions of ihe oil shale cteposit in v/hich tJve 
10 boat OCtftdutCtivitiao are relatively lewar, 

3. The process of claim 1 in which the rata uf heating the 
interior of at least orjs- heat- injecting well ia varied to an extent 
causing art effective levelling* off of Che theinal front to t*at Chs 
rate of advance through the oil ghala of the thermal front in 

(5 oencinuod at substantially the sziota rate while tha rate of incraasfia 
of tha tanpsaraturo within tha bonaJiolo is sicpificarrtdy rodoood, 

4. Tho pLTX33Bo of claim 1 in vhlch tha heat-jji jesting and 
fluid-pro&jciiig \cb11s are arranged in a varies of contiguoue 
patterns in which aach fluid-producing wall is sorrojodad by at 

20 least four heat- injecting wells. 

3* Tha prcnaea of cJaiw 4 in whit* each fluioV-pirotfccing vsell is 
sUrrtDUndad by taoalvw lieafc- in jolting wallfi* 
6* Thp process of claim 1 in which the oil thalc grade is at 
least about 20 gallons per ton and tha grade-thictaess proAict is 

23 at leaot about 

7. The process of claim l f ccu&ciolnq the stops of 

in each heat-injecting welJ r sub sUniti ally thecugboot the 
troatfnant interval* sealing the face of the oil ahals formation 
with a solid raMnrial which is relatively heat~caodnctivo End 

30 substantially fluid brpencaablei 

in at least one heat-injecting veil increasing the effective 
di^snetor of the bocehola in at least cue portion of the treatment 
interval and extending at least ana heat-aendoctiva irertal eltfnwnt 
frora vdthin the ixxtorloz of the borehole, to n&ar the faoa of the 

35 30-<Jilargi2d portion of tha borehole;, and 

in each Huld-produeing wall, substantially thoroughout tha 
treatrcart interval/ establishing fluid ccorunicatijon batwssn tha 
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weii bore ar/5 the oil shale formation and arranging cha wel L tor 
prr^:c.™ f.!;;i3 ?rcs* Lire oil sitdib xorracioo. 

8 * the process of ciaim 7 in vhich ttoa material saalin? t)i» f aoo 
of thtt oil shules forroaHoft along tho bcsrat»l« ot a tHsat-in jtiOtiixg 
well La a oerottt arraogad to fill substantially all of the apace 
belwrai the outormist aifrtallic « Laments within tho interior of tho 
horeh^e and tfia facs* of tto oil 9halo fonostttion, with oanswt 
having a thturmal conductivity at J^Brt *v4»?t*OTti»lly aa hi^b a a 
that of tho oil KhaLa formation- 

9. 'Che process of clfum 1 in which at le*at one wall located noar 
an edgR of a pattern oi beat-inj ecting ana fluid^roduciria walla is 
axtefcdad substantially tlrcoughcxit tha treatztont interval and imurte^ 
at a tearparatursi high erttu&jh to cou&a a thermal e*p*iodirjg <uidyor 
conpresoivc stressing of tha- adjaowtt earth formations but lew 
enough to avoid aignilicBDt tharnal iscbili Titian of organic 
coopunents of tha oil ahale. 

10 . The prooosa of claim 9 in which at least ana so heated wsll is 
subsequmtly haated at about tha temperature saloctsd for the 
heating ot the haat-injecting wells being employed. 

11* The process of cJaiR 1 in which tha voll boroh^lss of' said 
haat-injAjtioti and fluid producing whIId ssparatad by 
substantially equal distances of about 9 to 30 nu 
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ABSTRACT 



CONDUClTVBiy A 3UBTSfiAMBA» OT, SHALE TO 

CEBWE PBCMBABU^pPy AND Sr.TRgflai.ETEmJf VRQDUCB OIL 



shale oil is subsequently produced item a subterranean 
interval of oil ska Is, wh&re tdie interval is initially 
substantially impajxioabl© and contains a specified gcada and. 
thickness of oil 3haia. Said interrval 1b oonductivoty heated fron 
borehole drrbariora which axe kspt hotter them about 600 *C and are 
bcatod at a rate such that kerogsm pyrolysia products forrnsd within 
the- oil skv^la create and tlanf through horizontal fractures which 
subsequently baoaoa catanded Into fUiid^roduclog volls that are 
positioned in specified Loaationc 



